We examine the unparticle CP-conserving phase effects on the direct CP asymmetry for both polarized and unpolarized lepton in the inclusive b → dℓ + ℓ − transition, where the flavor changing neutral currents are forbidden at tree level but are induced by oneloop penguin diagrams. The averaged polarized and unpolarized CP asymmetries depict strong dependency on the unparticle parameters. In particular, a sizable discrepancy corresponding to the standard model is achieved when the scale dimension value is 1 < d U < 2. We see that the unparticle stuff significantly enhances, suppresses or changes the sign of the CP asymmetry depending on the definite value of the scaling dimension d U . Especially, when d U ∼ 1.1 the CP asymmetries vanish. *
Introduction
Georgi [1, 2] has recently proposed that unparticles stuff which can couple to the standard model (SM) particles at the Tev Scale. Unparticles are massless and invisible coming out of a scale invariant sector with non-integer scaling dimension d U when decoupled at a large scale.
The propagator of these invisible unparticles includes CP conserving phase which is dependent on the non-integer scaling dimension d U [2] . The virtual unparticle propagation and its effects were first studied by Georgi himself [2] . Moreover, the CP conserving phase of the unparticles and its effects in FCNC, especially, in hadronic and semileptonic B decays have been studied in [3, 4, 5, 6] .
A phenomenological study needs construction of the effective Hamiltonian to describe the interactions of unparticles with the SM fields in the low energy level [7] . So that, we can investigate the effects of the possible scale invariant sector, experimentally.
The direct search of the unparticles is based on the study of missing energies at various processes which can be measured at LHC or ILC. The indirect search includes the dipole moments of fundamental particles, lepton flavor violation(LFV) and flavor changing neutral current (FCNC) processes where the virtual unparticles enter as mediator. Note that, the phenomenological studies considering the direct and indirect search on unparticles have been progressing [2] - [14] ; their effects on the missing energy of many processes; the anomalous magnetic moments; the electric dipole moments; D 0 −D 0 and B 0 −B 0 mixing; lepton flavor violating interactions; direct CP violation in particle physics; the phenomenological implications in cosmology and in astrophysics.
It is well known that in a decay process the existence of direct CPA( A CP ) requires: firstly at least two different terms in decay amplitude. Secondly, These terms must depend on two types of phases named weak(δ) and strong(φ) phases. The weak phase is CP violating and strong phase is CP conserving phase. The A CP depends on the interference of different amplitude and is proportional to the phases. i.e.,
A CP ∝ sin(δ) sin(φ)
The sizable value of A CP can be obtained if both phases are non-zero and large. The weak phase of the SM is a unique phase of the Cabibbo-Kobayashi-Maskawa(CKM) quark mixing matrix. This weak phase is a free parameter of the SM and can not be fixed by SM itself but it has been fixed by experimental methods [15] . Unlike the weak Phase, the CP conserving strong phase is process dependent(not unique). The theoretical calculation of the strong phase is in general hard due to the hadronic uncertainty. The CP conserving unparticle phase exist in the propagators beside the strong phase can affect the value of the A CP in some decay processes(see Eq. 1). To explore this possibility, Chuan-Hung Chen, et al. concentrated on some pure hadronic and pure leptonic B decays [3, 8] .
We aim to study the possible effects of the CP conserving phase in semileptonic B decays.
Rare semileptonic decays b → s(d)ℓ + ℓ − are more informative for this aim, since these decays are relatively clean compared to pure hadronic decays. It is well known that the matrix element for the b → sℓ + ℓ − transition involves only one independent CKM matrix element, namely |V tb V * ts |, so the CP-violation in this channel is strongly suppressed in the SM considering the above mentioned requirements of the CPA which requires the weak phase. However, the possibility of CP-violation as a result of the new weak phase coming out of the physics beyond the standard model in b → s transition has been studied in supersymmetry [16] - [17] , fourth-generation standard model(SM4) [18] - [21] and minimal extension of the SM [22] . Situation for [23, 24] . Here, we study the effects of the CP conserving unparticle phase on CP asymmetry in the b → dℓ + ℓ − transition with unpolarized and polarized lepton cases.
This study encompasses four sections: In Section 2, we present the the effective lagrangian and effective vertices which drive the FCNC decays with vector unparticle mediation. In section 3, we calculate the polarized and unpolarized CP asymmetries. Section 4 is devoted to the discussion and our conclusions.
Flavor changing neutral currents mediated by vector unparticle
The starting point of the idea is the interaction between two sectors, the SM and the ultraviolet sector with non-trivial infrared fixed point, at high energy level. The ultraviolet sector appears as new degrees of freedom, called unparticles, being massless and having non integral scaling dimension d U around, Λ U ∼ 1 T eV . This mechanism results in the existence of the effective field theory with effective Lagrangian in the low energy level. One may for simplicity assume that unparticles only couple to the flavor conserving fermion currents [8] , described by [1, 2, 10, 11]
where O The leading order of effective Hamiltonian for the Fig. 1 can be written as follows:
where
. To obtain the effective Hamiltonian for b → qff transition where unparticles enter as mediators, we must obtain the unparticle propagator, which is given by [1, 2, 10, 11] 
in the conformal field theories(CFT) [12] . Note also that, the contribution from the longitudinal piece ap µ p ν /p 2 in Eq. (6) can be dropped for massless or light external fermions. In this case, Georgi [2] and Grinstein et. al, [12] approaches provide the same result. Also,
Note that, in Eq. (5) the phase factor arises from (−1)
and, here, the massless vector unparticle operator is conserved current, i.e., ∂ µ O µ U = 0. The effective Hamiltonian for b → qff just with the contribution of the vector unparticle as a mediator can be given as:
Here, f stands for fermions. i.e., f can be neutrinos or charged leptons or quarks. 
The QCD corrected effective Lagrangian for the decays b → dℓ + ℓ − can be obtained by integrating out the heavy quarks and the heavy electroweak bosons are reads as follows in the SM: In writing this, unitarity of the CKM matrix has been used and the term proportional to , can be found in [25] . The values of C ef f 7 and C 10 in leading logarithmic approximation are:
only C eff 9 has weak and strong phases, i.e. :
where the CP violating parameter λ u is as follows:
The explicit expressions of functions ξ 1 and ξ 2 in µ = m b can be found in [25] - [30] : Note that, we neglect long-distance resonant contributions in C 
instead of C eff 9 and C 10 , respectively. Where C 7 remain the same as the SM, we can rewrite C U i 's in the m b scale [25] . Then C U 9 will be as:
Neglecting any low energy QCD corrections (∼ 1/m 2 b ) [32, 31] and setting the down quark mass to zero, the unpolarized differential decay width as a function of the invariant mass of the lepton pair is given by:
with
The explicit expression for the unpolarized particle decay rate (dΓ/dŝ) 0 has been given in (17) .
Obviously, it can be written as a product of a real-valued function r(ŝ) times the function ∆(ŝ), given in (18); (dΓ/dŝ) 0 = r(ŝ) ∆(ŝ). In the unpolarized case, the CP-Violating asymmetry rate can be defined by
where, (dΓ/dŝ) 0 can be obtained from (dΓ/dŝ) 0 by making the replacement
Note that the term proportional to λ u , CP violating parameter remains the same as the SM.
Moreover, the CP violating parameter just enters into the C U 9 expression same as the SM ones. Consequently, the rate for anti-particle decay can be obtained by the following replacement in the Eq. (18)
Using (19) , the CP violating asymmetry is evaluated to be:
In (23),
Before turning to a derivation of CP violating asymmetries for the case of polarized final state leptons, it is necessary to remind the calculation of the lepton polarization. The spin direction of a lepton can be described by setting a reference frame with three orthogonal unit vectors S L , S N and S T , such that
where p d and p − are the three momentum vectors of the d quark and the ℓ − lepton, respectively, in the ℓ + ℓ − center-of-mass(CM) system. For a given lepton ℓ − spin direction n, which is a unit vector in the ℓ − rest frame, the differential decay spectrum is of the form [33] dΓ(ŝ, n) dŝ
where the polarization components P i (i = L, N, T) are obtained from the relation
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The three different polarization asymmetries are:
The study of the above-mentioned asymmetries is interesting in probing new physics. As it is obvious that any alteration in the Wilson coefficients leads to changes in the polarization asymmetries.
Now, we define the polarized CP asymmetry which is:
here, n and n are the spin directions for ℓ − and ℓ + for b-decay andb-decay, respectively, and i = L, N, T . Taking into account the fact that ē L,N = − e L,N , and ē T = e T , we obtain
Using Eq. (28), we get from Eq. (31),
where the upper sign in the definition of δA CP corresponds to L and N polarizations, while the lower sign corresponds to T polarization.
The A i CP (ŝ) terms in Eq. (32) describe the modification to the unpolarized decay width, which can be written as:
where, the explicit expressions for Σ i (ŝ), (i = L, N, T ), are as follows:
It is interesting to note that the polarized CP asymmetries have different combinations involving the imaginary and real parts of the C U 10 which doesn't appear in unpolarized CP asymmetry. The study of the polarized CP asymmetry beside the unpolarized CP asymmetry with unparticle contributions will give us more information about the unparticle parameters. In particular, (14), the unparticle contribution vanishes in the C U 9 . In such situation, the unparticle effects in CP asymmetry just appear in the polarized CP asymmetries.
Numerical Analysis and Discussion
We try to analyze the dependency of the unpolarized and polarized direct CP asymmetries on the unparticle parameters . We will use the next-to-leading order logarithmic approximation for the SM values of the Wilson coefficients C ef f 9 , C eff 7 and C eff 10 Ref. [34, 35] at the scale µ = m b . It is worth to mention that, beside the short distance contribution, C ef f 9 has also long distance contributions resulting from the realcc resonant states of the J/ψ family. In the present study, we do not take the long distance effects into account. Furthermore, one finds that significant contributions of unparticle occurs at small region ofŝ which is free of long distance effects(obviously, the unparticle contributions for µ channel is significant than the τ channel since smallŝ region(ŝ ∼ 0.0) for τ channel is absent by kinematical consideration). One can confirm the above statement by looking at Eqs. (2) and (5) region the dependency of the propagator is as follows:
Parameter The SM parameters we used in this analysis are shown in Table 1 :
The allowed range for the Wolfenstein parameters are: 0.19 ≤ ρ ≤ 0.268 and 0.305 ≤ η ≤ 0.411 [36] where, in the present analysis they are set as ρ = 0.25 and η = 0.34.
The direct CP asymmetries depend on bothŝ and the new parameters coming from unparticle stuff. We eliminate the variableŝ by performing integration overŝ in the allowed kinematical region. The averaged direct CP asymmetries are defined as:
At this stage, we discuss our restrictions for free parameters coming out of the unparticle:
• It is important to note that while the discontinuity across the cut is not singular for integer d U > 1, the propagator (Eq. 6) is singular because of the sin(d U π) in the denominator. Some researchers believe that this is a real effect [2] . These integer values describe multiparticle cuts and the mathematics tells us that we should not try to describe them with a single unparticle field.
Moreover, the lower bounds for the scaling dimensions of the gauge invariant vector operators of a CFT are d U ≥ 2 and d U ≥ 3 [12] for non-primary and primary vector operators, respectively. We obtain that for d U > 2 the unparticle effects on physical observables(branching ratio, CP asymmetry and so on) almost vanish because∆(p 2 ) is negligible for p < Λ U (see Eq. 9).
We focus on 1 < d U < 2, the bound that is allowed for transverse O µ U or for non-gauge invariant vector operators of the CFT. Also, it is consistent with the b → sℓ + ℓ − rate [8] and B s mixing [9] . We also assume that the virtual effect of unparticles are gentlest away from the integer boundaries. On the other hand, the momentum integrals converges for
• C t L is always associated with C ℓ R and C ℓ R (see Eq. (14) . For simplicity, we set • We take the energy scale Λ U = 1 (T eV ) and study d U dependence of the polarized and unpolarized CP asymmetry.
CP asymmetry is good candidate(unlike the other physical observables i.e,. branching ratio, forward-backward asymmetry and ...) to probe the unique unparticle phase. The other physical observables can utilize to give strong constraints on the unparticle parameters except the phase,
i.e. on the unparticle couplings to leptons such as λ ℓ V (A) ∼ {0.005 − 0.05} [8] . Moreover, our numerical analysis confirm the result of the [8] • A CP for both µ and τ leptons depicts strong dependency on the unparticle effects(for µ case the dependency is stronger that τ case as we discussed above). While it is suppressed to the zero value by the unparticle contributions at lower values of the scale dimension • Either the SM value or its value with unparticle contributions for A N CP is negligible(see figs. 9 and 10).
At the end, the quantitative estimation about the accessibility to measure the various physical observables are in order. An observation of a 3σ signal for CP asymmetry of the order of the 1% requires about ∼ 10 10 BB pair [33] . For b → dℓ + ℓ − measurement a good d-quark tagging is necessary to distinguish it from much more stronger b → sℓ + ℓ − decay signal. Putting aside this challenging task, the number of BB pairs, expected to produce at LHC, are about ∼ 10 12 .
As a result of comparison of these values, we conclude that a typical asymmetry of (A = 1%)
is certainly detectable at LHC.
In conclusion, firstly, we obtain that the unparticle effects on physical observables i.e., branching ratio and CP asymmetry for b → d(s)ℓ + ℓ − decays when d U ≥ 2 vanish. Secondly, for 1 < d U < 2, the CP asymmetry for polarized and unpolarized lepton cases are studied within the unparticle contributions in the CPA of the b → dℓ + ℓ − decays. We obtain that the unpolarized and polarized CP asymmetries are strongly sensitive to the unparticle effects. In particular, the CPA for small values of scale dimension d U ∼ 1.1 suppresses to zero and for its definite values the CPA enhances considerably and changes its sign with respect to the corresponding SM value. The other parameters of the scenario studied are the U-fermionfermion couplings, the energy scale and the dependencies of the CPA to these free parameters are also strong. We show that a measurement of the magnitude and sign of the unpolarized and polarized asymmetries can be instructive in order to test the possible signals coming from the unparticle physics.
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